This study was conducted to evaluate the effect of dietary zeolite (clinoptilolite) supplementation on the oxidative/antioxidative status on plasma in healthy dairy cows. Twenty dairy cows were divided into two groups of 10. Control group was fed the basal ration for 60 days. Zeolite group was fed the basal ration supplemented with 2.5% zeolite daily. To evaluate the oxidative and antioxidative status comprehensively, indicators such as total oxidant status, oxidative stress index, total antioxidant status, lipid hydroperoxide, total free sulphhydryl groups, ceruloplasmin concentrations, arylesterase, paraoxonase-1 and catalase activities were measured in plasma. Lipid hydroperoxide concentration was significantly (P < 0.05) decreased from 6.21 ± 0.94 to 4.90 ± 1.05 mmol H 2 O 2 Eq/l by zeolite supplementation. However, no significant effect was observed on the antioxidant and other oxidant indicators. In conclusion, although zeolite decreased the lipid hydroperoxide concentration, it cannot further strengthen antioxidant defense system in healthy dairy cows.
There are many stress factors impairing the health condition and performance of dairy cows. A common denominator of the responses to these stresses is the redox homeostasis. Redox homeostasis is maintained by the balance between production of reactive oxygen species (ROS) and antioxidant defense system. However, the level of ROS can exceed the antioxidant status of the animal leading to oxidative stress (Celli 2010) . High producing dairy cows are prone to oxidative stress, and the situation can be exacerbated under certain environmental, physiological, and dietary conditions (Vazques-Anon et al. 2008) .
Specific feeding strategies influence oxidative metabolism in the dairy cow. Dietary supplementation of some minerals for dairy cow's nutrition is important for the oxidative/ antioxidant balance of the animals and directly impacts on the productive and reproductive performance of animals (Vazques-Anon et al. 2008) .
In the last few decades, natural zeolite (clinoptilolite), as an additive to nutrition has been applied with success in animal breeding for many purposes. Long-term dietary administration of zeolite has beneficial effects on animal health status and performance (Karatzia et al. 2011) . The wide range of applications of zeolites is based on their physicochemical properties. Interest in the biological effects of zeolites stems from their characteristics such as ion exchange capacity, adsorption and related molecular sieve properties (Pavelic et al. 2002) .
Although zeolite is used for many purposes, limited data have been published on the use of zeolites on the oxidant/antioxidant status in healthy dairy cows. Yarovan (2008) reported that zeolite has a positive effect on the oxidant status by measuring malondialdehyde (MDA), conjugate dien, keto dien and ceruloplasmin (CP) concentration in the plasma of dairy cows. However, the antioxidant indicator was not analyzed in their study.
Total oxidant status (TOS) and oxidative stress index (OSI) measurement accurately reflect the oxidative status of plasma, because the effects of the oxidants in plasma are additive. The total antioxidant status (TAS) is the result of interaction of many different compounds and systemic metabolic interactions. As a single measure, TAS provides relevant information that may effectively describe the dynamic equilibrium between prooxidants and antioxidant in the plasma (Erel 2004) . Moreover, TAS could be used as a tool to evaluate the nutritional status of animals fed different diets or to evaluate the general nutritional status of animals throughout the year (Celli 2010) .
As for other antioxidant components analyzed in the current study, total free sulphhydryl group (SH) acts as important extracellular scavengers of peroxides, thus helping to protect cells from damage by these molecules (Hu et al. 1993) . Ceruloplasmin, acute phase protein, acts as antioxidant by several mechanisms (Erel 1998) . Paraoxonase (PON) is a high-density lipoprotein-associated enzyme with paraoxonase, arylesterase (ARE), and dyazoxonase activities. Paraoxonase-1 hydrolyzes specific oxidized lipids, thus reducing oxidative stress (Eckerson et al. 1983) .
The aim of this study was to investigate the effects of zeolite supplementation in the oxidative/antioxidant status in healthy dairy cows.
Materials and Methods
Twenty clinically healthy non-pregnant Holstein dairy cows in the first period of lactation (two months after calving), 3-4 years old, were divided into two groups of 10. Natural zeolite (Nat-Min 9000 ® ) was obtained from Enli Mining Co., Izmir, Turkey. The chemical composition of zeolite containing min 85% clinoptilolite as active substance is listed in Table 1 . Control group was fed basal ration (Table 2) according to the National Research Council (NRC 2001) requirements for lactating cows ad libitum for 60 days. Zeolite supplementation group was fed the basal ration supplemented with 2.5% zeolite (approximately 400 g/day). All dairy cows consumed 17.4 ± 0.4 kg food daily. Water was freely available by automated watering cups. On the 60 th day of the experiment the blood samples were collected by jugular vein puncture, plasma samples were separated by centrifugation, and frozen at -80 °C until they were analyzed.
Oxidative and antioxidant indicators were measured in plasma samples using the Aeroset automated analyzer (Abbott) and spectrophotometer (Cecil 3000). Lipid hydroperoxide (LOOH) contents were measured with the ferrous ion oxidation-xylenol orange assay (Arab and Steghens 2004) .
Total oxidant status was measured using an automated colorimetric measurement method developed by Erel (2005) . In this method, oxidants in the plasma sample oxidize the ferrous ion-o-dianisidine complex to ferric ion. The ferric ion builds a colored complex with xylenol orange in an acidic medium. The color intensity was measured spectrophotometrically.
Total antioxidant status was measured according to the method of E r e l (2004). In this method, the hydroxyl radical reacts with O-dianisidine to produce a coloured dianisyl radical. Upon the addition of a plasma sample, the reactions initiated by the hydroxyl radical are suppressed by the antioxidant components of the plasma, preventing the colour change.
Oxidative stress index, an indicator of the degree of oxidative stress, was calculated using the following formula: [(TOS, µmol/l)/(TAS, (mmol Trolox Eq/l) × 100].
Total free sulphhydryl groups of plasma were assayed according to the method of H u et al. (1993) . Briefly, plasma and buffer solution was added to a spectrophotometer cuvette followed by the addition of 5,5'-dithio-bis 2-nitrobenzoic acid (DTNB). Samples without DTNB were run for each sample as blanks. Following incubation for 15 min, absorbance was read at 412 nm.
Ceruloplasmin concentrations were measured according to the method of Erel (1998) based on the enzymatic oxidation of ferrous ion to ferric ion.
Paraoxonase-1 and arylesterase activities were measured using paraoxon and phenyalacetate substrates. The rate of paraoxon hydrolysis was measured by monitoring the increase of absorbance at 412 nm at 37 °C (Eckerson et al. 1983) . Arylesterase activity was analyzed according to the method of Haagen and Brock (1992) .
The catalase activity (CAT) was measured according to the method of A e b i (1984) .
Statistical analyses were performed using SPSS software, 10.01 (SPSS Inc. Chicago, IL, USA). Data were analyzed using student's t-test for independent samples. Results are reported as mean values ± SD and differences were considered significant when P < 0.05. 
Results
No adverse or side effect was noticed in the cows fed the zeolite supplemented diet throughout the experimental study. Zeolite supplementation resulted in a significant (P < 0.05) decrease of LOOH concentration whereas TOS and OSI values did not decrease (Table 3) . On the other hand, no significant changes (P > 0.05) were observed in any antioxidant indicators in plasma (Table 3) .
Discussion
In dairy cows, lactation is a physiological stage considered to induce metabolic stress (Celli 2010) . Improvement of the oxidative status of cows can be achieved by modifying nutritional practices (protein, energy, vitamins and minerals). Supplementations of feed additives with antioxidant properties ameliorate the deleterious effects of oxidative stress by scavenging peroxides and reducing lipid peroxidation (LPO). Oxidative stress is characterized by elevated LOOH or ROS concentrations in plasma and tissues. In the current study, LOOH concentration was decreased by zeolite supplementation for 2 months in dairy cows (P < 0.05). This result is in agreement with the accumulating evidence that zeolite could play a role as an antioxidant. For example, Yarovan (2008) observed that the MDA concentration decreased after zeolite supplementation in dairy cows. Similarly, Pavelic et al. (2002) reported that LOOH concentration decreased in the liver of cancer bearing mice by zeolite supplementation. This LPO-reducing effect might be associated with adhesion-45 (Pavelic et al. 2002) . Therefore, LOOH concentration might be decreased due to lower amount of the substrates in tissues at the first step for LPO.
In the present study, TOS and OSI values, indicators of the degree of oxidative stress were not significantly changed (P > 0.05). Moreover, the values of antioxidant indicators such as TAS, SH, CP concentrations, PON-1, ARE and CAT activities were not enhanced by zeolite supplementation (P > 0.05). These results are in accordance with the results of Stewart et al. (2002) who determined that oxidative stress indicators and oxygen radical absorption capacity were not different between the placebo and antioxidant supplement groups in healthy children. Also, Jacob et al. (2003) reported that moderate antioxidant supplementation did not significantly change in vivo oxidative stress and antioxidant defense system in healthy young men. In other words, when antioxidant capacity of adequate levels is present, the use of additional antioxidant supplementation does not increase the antioxidant capacity in healthy human and animals. However, Ivkovic et al. (2002) indicated that TAS values significantly increased and their general health condition was improved by zeolite supplementation in the patients with a malignant disease. Similarly, clinoptilolite administration inhibited not only oxidative stress but also enhanced the activity of antioxidant enzymes during fluoride-induced neuronal stress on rats (Madhusudhan et al. 2009 ). In conclusion, in the current study no oxidative and antioxidant indicators except for LOOH were changed, because the biological antioxidant system in healthy cows was effective; antioxidant supplementation only had an effect when the nutritional status is deficient. Therefore, further studies should be conducted in cows exposed to stress in order to evaluate whether zeolite has antioxidant properties.
